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The  epidemic  of  dengue  fever  which  occurred  in  certain  of  the 
Southern  States  during  the  fall  of  1922  and  the  winter  of  1922-23 
afforded us the opportunity for investigating  the nature of the virus. 
The  disease  has  received  little  attention  from  the  standpoint  of 
research  since  the human  transmission  experiments  of Ashburn  and 
Craig  1 demonstrated  the  filterability  of  the  virus  and  its  existence 
in  the  circulating  blood of man.  Inasmuch  as  the  disease  has  ap- 
peared  at  relatively  infrequent  intervals,  the  last  outbreak  in  this 
country occurring in  1907,  it was considered that  added information 
concerning the nature of the virus could be obtained with the newer 
methods  of  investigation  which  have  been  introduced  since  that 
time. 
The attempts  at  transmission  of dengue fever to the lower animal 
have on  the  whole proven  unsuccessful.  It  is probable  that  in  the 
earlier  experiments  no  effort  was  directed  toward  ascertaining  the 
febrile  and  leucocytic  response  induced  in  the  inoculated  animal. 
For this reason it is likely that positive reactionary phenomena were 
overlooked. 
Yamaguehi~ Ditsumi,  and  Tonomura ~, report  fatal  infection  in  guinea  pigs 
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inoculated with blood from human dengue fever; however, they were unable to 
transmit  the  virus  beyond  the  third  generation.  Chandler and  Rice  s report 
negative results in the guinea pig inoculated with human dengue blood, though 
they mention the occurrence of a papular eruption in a Mac~us rhesus monkey, 
which appeared 5 days after inoculation.  These authors  state that they did not 
regard this rash as significant of transmission of the disease. 
For the purpose of transmitting  dengue fever to the lower animal 
or of producing  a  reaction indicative  of infection,  experiments  with 
the guinea pig,  rabbit,  and monkey were carried  out by inoculating 
these animals with the blood from selected human cases of the disease. 
;n view of the success of Noguchi  4 with yellow fever, and that of one 
of us (Duval  ~) with the guinea pig in the study of measles, this species 
was extensively used throughout the study, and as early in the work 
it was found to be the animal of choice, it was soon used exclusively 
in the series of experiments herein reported. 
The human dengue material employed was blood freshly drawn by 
venipuncture  from  patients  presenting  typical  symptoms  of  the 
disease,  care  being  used  to  select  only  those  with  temperature, 
leucopenia,  and  exanthem.  From such  cases the  blood was secured 
on the 2nd or 3rd day of the primary pyrexia, which usually is the 
time of the  appearance  of eruption.  Immediately  after withdrawal 
the blood was defibrinated  or citrated  and  a  portion  injected intra- 
peritoneally  or  intracardially  into  the  experimental  animals.  An- 
other  portion of  the  defibrinated  blood was centrifugalized  and  the 
serum collected and passed through a Berkefeld filter (N), the filtrate 
being  used  for  inoculation.  With  the  material  from  the  human 
cases,  this  plan  of  employing whole  defibrinated  blood  and  Berke- 
feld filtered serum for animal inoculation was followed.  The  amount 
of material used for injection was usually 0.5 to 1.0 mil of defibrinated 
blood and 0.25 to 0.5 of filtered serum. 
Simultaneously  with  the  inoculation  of  animals,  cultures  from 
human  dengue  material  before  and  after  Berkefeld  filtration  were 
prepared upon a  variety of media to determine the possible presence 
of cultivable microorganisms in the circulating blood.  Furthermore, 
a thorough dark-field study was made of all materials used. 
4 Nogucbi, H., J. Exp. Med., 1919, xxix, 547. 
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The animals employed for each human case were carefully studied 
with respect to circulating leucocytes and pyrexia before inoculation. 
Only  animals  with  normal  rectal  temperatures  (101-103°F.)  and 
leucocytes  (12,000  to  15,000  per c.mm.)were  selected.  By  pref- 
erence  half  grown  guinea  pigs  (250  gin.)  were  employed in  direct 
transmission  experiments  from  the  human  case.  The  number  of 
animals  used for first passage of virus from each human  case varied 
from four to eight, and often from twelve to sixteen.  All inoculated 
animals were observed daily with respect to pyrexia and other signs 
of  reaction;  the  leucocytes were  usually  counted  every  2nd  or  3rd 
day,  and  the  temperature  taken by rectum once or twice daily.  It 
should  be  said  here  that  the  manner  of  taking  temperatures  and 
collecting  blood  for  leucocytic  counts  has  an  important  bearing 
upon  the  proper  interpretation  of  the  reaction.  When  inserting 
the  thermometer  it  should  be introduced  into  the  rectum  as  far  as 
the  normal  marking,  otherwise  an  irregular  and  inaccurate  reading 
is obtained which is often 1-2 ° lower than the true rectal temperature 
of the animal.  Blood for leucocytic determinations is collected from 
the marginal ear vein of the animal by pricking with a  sterile needle, 
care being exercised not to use the same site for subsequent collections. 
These features may appear  of minor  importance,  but as  the experi- 
mental  reaction  consists  in  pyrexial  rise  and  leucocytic  fall,  it  is 
essential  to follow a  standard  method. 
Certain  of the  inoculated  animals  which  for several days showed 
a rise of temperature above 104°F. or a marked fall in the circulating 
leucocytes were killed,  and  transfer  of  the  blood and serum  filtrate 
made  to other animals  of the  same species.  Reacting animals  that 
had  recovered were kept  under  observation  and  subsequently used 
for determining  the degree and duration  of the immunity conferred. 
EXPERIMENTAL. 
For  the  sixteen  human  cases of  dengue  fever studied  by us,  143 
guinea  pigs  were  used  in  the  initial  attempt  at  inducing  infection. 
Out  of  this  number  42  animals,  representing  eleven  human  cases, 
developed  a  characteristic  pyrexial and leucocytic reaction following 
an incubation period of from 3 to 5 days.  The reaction,  in as far as 
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observed in human dengue fever.  The rise in temperature,  generally 
sudden, was often maintained  at  a  height  of  2-4  ° above the normal 
for a  period of from 3  to 4  days,  after  which it fell to normal.  In 
over 50 per  cent of  the  reacting  animals  of  the  initial  series,  there 
occurred a  secondary rise  in  temperature  after  an  interval  of 24  to 
48 hours;  this rise did not as a  rule  attain  the  height  of, or last as 
long as  the primary pyrexia.  It is of interest here  to note that  re- 
mission  and  subsequent  elevation  of temperature are not  infrequent 
for  the  human  case  ("saddleback"  curve).  Some of the  inoculated 
animals  which  did  not  develop  temperature  showed,  however,  a 
well  marked  leucopenia;  infection  must  of  necessity  have  occurred 
in  these pigs  as  they failed  to  react  to  subsequent injections  of in- 
fective doses of virus blood. 
After apparent recovery from the reaction induced by the inocula- 
tion of dengue material,  the animals were normal  as far as could be 
determined;  i.e.,  they were lively,  feeding well,  with  hair  slick  and 
smooth.  It was noted that subsequent to this period death occurred 
in from 3 to 5 weeks after  the date of inoculation in a large percent- 
age  of  the  recovered  animals.  For  several  days  prior  to  death 
the  animals  though  apparently  in  good  health  became  markedly 
emaciated  and  anemic.  At  autopsy  no  gross  lesions  were  demon- 
strable;  especially is it noteworthy that  the spleen and lymph nodes 
were normal in most instances.  The cause of death in some of these 
animals  is not understood,  while in others it is undoubtedly due  to 
an  intercurrent  infection.  In  this  connection  cultures  from  the 
heart's blood of certain reacting animals show the presence of micro- 
organisms  of  the  colon-paratyphoid  group.  Since  the  virus  serum 
was  always filtered and  tested culturally  before using,  it  is  evident 
that the secondary infection in the inoculated guinea pig did not come 
from  contaminated  injection  material,  but  originated  within  the 
animal,  presumably the intestinal  tract. 
The  occasional presence of paratyphoid organisms  in  the blood of 
the  inoculated  guinea  pig nevertheless  obligates  the  consideration of 
their  relationship  to  the  reactionary  phenomena  described  for  ex- 
perimental  dengue.  The  possibility  of  transferring  paratyphoid 
from one animal to another is, however, excluded by the employment 
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filtrate  free of any organism  of the colon-paratyphoid  group and  the 
small  percentage  of instances  in  which  such  organisms  are  found  in 
the  blood  of  the  reacting  animal  demonstrate  that  their  occurrence 
is  only  accidental.  While  it  is  in  order  to  mention  the  subsequent 
occurrence  of  the  colon-paratyphoid  organisms  occasionally  in  the 
blood  of  certain  animals  injected  with  the  virus  of  dengue,  it  is 
apparent  that  their  r61e  is  one  of secondary  and  terminal  invasion. 
Case/.--Female, Italian, age 16 years, residing in Morgan City.  Onset of ill- 
ness Sept.  28,  1922.  Ushered in with  chill  followed by intense  headache, high 
fever,  and  severe pains  over  the  body, more particularly  the  back  and  lower 
extremities.  Sept.  29.  Pains more general; made worse on motion of affected 
parts.  Temperature  104°F.;  patient  shows  photophobia.  Sept.  30.  Feeling 
better; pains not severe; temperature 103°F.  Chest, arms, and face covered with 
a  roseolar eruption.  On  this  date  15 mils  of blood were withdrawn  from the 
median basilic vein, defibrinated, and  a portion inoculated into guinea pigs at the 
bedside.  Oct.  1.  Patient  was  much  better;  temperature  101°F.,  leucocytic 
count  3,000,  rash  more  marked.  Oct.  2.  Temperature  normal,  rash  fading. 
From this time on patient made an uneventful recovery. 
Animal Inoculation.--The citrated blood collected on the 3rd day of the disease 
was in part immediately injected intraperitoneally into six half grown guinea pigs, 
a dosage of 1 nail each being used; another portion of the blood was kept at room 
temperature for 24 hours, then centrifugalized, passed through a Berkefeld filter, 
and the filtrate injected intracardially into six guinea pigs. 
2 mils of the filtered virus blood were equally distributed to four anaerobic tubes 
containing a mixture of Ringer's solution three parts, and rabbit serum one part, 
with 0.3 per cent neutral agar.  The inoculated medium was incubated at 37°C. for 
a period of 17 days.  All tubes remained sterile with respect to ordinary micro- 
organisms.  1 rail of the culture mixture was injected intraperitoneally into four 
guinea pigs, each receiving 0.25 rail of the culture material. 
Of  the  three  different  sets  of pigs  receiving virus  blood,  sixteen  in  all,  five 
reacted;  two  that  were  inoculated  with  defibrinated  blood,  two  that  received 
filtrate, and one of the pigs injected with culture.  As the reaction was similar in 
all of the reacting animals only the protocols of three, one of each series,  are given. 
Guinea Pig 2.--(Defibrinated blood series.)  Sept. 30, 1922.  Inoculated intra- 
peritoneally with 1 rail of fresh defibrinated blood.  At time of injection, tempera- 
ture 102°F., leucocytes 14,000.  4 days after inoculation the temperature rose to 
104.3°F.,  on  the  5th  day  to  105°F.,  6th  day  104.2°F.,  dropped to  102°F.,  on 
the  7th day.  The temperature rose again on the 8th day to 104.3°F.,  and on the 
9th day returned to normal and remained  so.  The leucocytic  count on the  1st 
day of pyrexia was 12,000; 2 days later, or on the 3rd day of fever, it had dropped 
to 7,500, and on the 8th day was down to 3,250.  Oct. 14.  The leucocytic count 
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Guinea  Pig  5.--(Filtrate  blood  series.)  Oct.  1,  1922.  Inoculated  intra- 
cardially with  0.25  rail  of Berkefeld  filtered  virus  blood.  Temperature  before 
injection  101.4°F.,  leucocytes 16,000.  5 days after inoculation the temperature 
was 105°F.; on the 6th day it dropped to 104°F., to rise again on the 7th day to 
106°F.  On the 8th day the temperature  was  104.3°F.,  and the leucocytes had 
fallen to 7,500, a drop of over 50 per cent.  The animal for the first time appeared 
ill,  with hair ruffed, refusing food and remaining off in corner of cage.  Oct. 8. 
Animal killed for examination and passage of virus. 
The autopsy showed no gross changes in any of the organs except the spleen 
which was slightly enlarged.  Cultures prepared from the heart's blood remained 
sterile 48 hours after incubation of 37°C.  Blood was removed from the heart 
before death, defibrinated, centrifugalized, and filtered for passage to other guinea 
pigs. 
Guinea Pig 4.--(Culture series.)  Oct. 18, 1922.  Inoculated intraperitoneally 
with 0.25  mi! of 17  day old culture.  Temperature  101.2°F.,  leucocytes 11,500 
before injection.  3 days after inoculation the temperature rose to 1Q5°F., on the 
4th day it was 106°F., and on the 5th day 104.3°F.  The animal became inactive 
and irritable,  and handling gave rise to pain.  On the 3rd day of the pyrexia the 
leucocytes dropped to 6,000.  The animal recovered completely in 10 days. 
Case 2.--White boy, age  11, native of plantation  district  in the outskirts  of 
Morgan City.  Patient was perfectly well prior to present illness.  Onset Oct. 2, 
1922.  Began with chill, headache, photophobia, and cramp-like pains in arms and 
legs.  Temperature on Oct. 3,  103°F., leucocytes 4,500.  Patient complained of 
aches and pains over the body, more severe in back of neck.  Fine macular erup- 
tion, most marked on legs and arms appeared Oct. 4, 3 days after the onset of ill- 
ness.  Oct.  5.  The  temperature  was  normal  and  the  rash  was  fading.  No 
secondary rise in temperature; patient made ravid recovery and was perfectly well 
Oct. 9.  Blood was obtained for study on the 2nd day of illness. 
Ani~ilnoculation.--Six guinea pigs were injected Oct. 4, 1922, intracardially, 
with 2 mils of defibrinated blood which had been kept overnight at room tempera- 
ture.  Cultures prepared from a  portion of the blood upon nutrient  media  re- 
mained sterile after 3 days incubation at 37°C.  Dark-field study was negative. 
Two of the six pigs inoculated reacted.  Ia one the temperature suddenly rose on 
the 4th day to 105°F., the 5th day it was still 105°F.,  and on the 6th day 104°F. 
The leucocytes had fallen from 12,500 to 4,00.0..  The animal did not appear sick; 
hair slick and feeding well.  Oct. 9.  The pig was anesthetized and 6 mils of blood 
withdrawn from the heart for examination and further passage.  Bleeding did not 
kill the animal, which was lively and apparently well the following day; however, 
the temperature was 106°F.  Oct. 11.  The temperature had dropped to 103.2°F., 
[rom which date it remained normal.  Blood withdrawn from the heart at the time 
of highest temperature was injected into four passage animals of the same species. 
No temperature or leucocytic reaction was evinced in any of these though observed 
for a period of 3 weeks.  The second reacting pig of this case developed pyrexia 
of 104.4°F. on the 3rd day following the inoculation.  On the 4th day it was 104.3 ° WILLIAM H.  HARRIS  AND  CHARLES  W.  DUVAL  823 
F., and dropped within the normal range the next day, to rise again to  104°F. the 
succeeding day; leucocytes were 10,500.  The second temperature rise lasted only 
24 hours.  The animal was killed 48 hours after the subsidence of fever. 
Autopsy.--All organs appeared normal except the mesenteric lymph nodes and 
spleen which were distinctly enlarged.  The  spleen was  smooth,  tense,  firm in 
consistence, and of a  dark red color.  On section the cut surface appeared com- 
paratively dry and the markings well defined.  The mesentery lymph nodes were 
the size of peas and of a uniform pale yellowish white color; no hemorrhagic areas 
were detected. 
Microscopic examination of spleen and lymph nodes showed loci, particularly in 
and  about  the  Malpighian bodies and germinal centers, of endothelial prolifera- 
tion.  Cellular elements of an acute inflammatory character were absent.  Cul- 
tures prepared from the heart's blood were sterile. 
Attempts to induce reaction in four passage animals with the defibrinated blood 
from this guinea pig were unsuccessful.  Failure to perpetuate the virus of this 
second positive transmission is difficult to explain in the case of the pig whose 
blood was collected at the time of highest temperature; however, in the second 
reacting animal, negative passage experiments were most likely due to the fact 
that the blood was withdrawn 2 days after subsidence of the fever and presumably 
did not any longer contain adequate virus. 
Case 3.--White man, age 26 years, taken sick suddenly  Nov. 5, 1922, complaining 
of burning sensation in eyes and pains in the back, arms, and legs; temperature 
102°F. 2  days after onset a macular rash appeared on forehead, chest, and arms. 
On this date patient was greatly prostrated and visibly sick.  Leucocytic count 
3,250.  20 mils of blood were removed from the median basilic vein of patient. 
5 mils were placed in 2 per cent citrate and 15 mils were defibrinated and centrif- 
ugalized.  The supernatant serum was passed through a Berkefeld filter and the 
filtrate used for cultural study and animal inoculation.  Cultures of the blood upon 
the  ordinary media  made  at  time  of  bleeding remained  sterile.  Microscopic 
examination of blood smears stained by Giemsa and Wright methods revealed 
nothing of special note.  Dark-field study of the citrated and defibrinated blood 
showed nothing of interest.  Ten tubes of Noguchi's media for the cultivation of 
protozoa anaerobically were inoculated as follows: four tubes received 0.5 mil each 
of filtered serum from the case, two tubes 0.75 mil each  of unfiltered serum,  and 
four tubes 0.5 rail each of the defibrinated blood. 
Animal Inoculation.--Twelve  guinea  pigs were  employed; four  received the 
filtered serum in dosage of 1 rail each, four the defibrinated blood, and four re- 
ceived 1 rail of culture mixture 8 days after its incubation at 37°C.  Out of the 
three sets of animals, six reacted; one with the serum filtrate, two with the whole 
blood, and three with the culture.  All reacting animals showed symptoms not 
earlier than the 3rd day or later than the 6th day.  In two animals the duration of 
the fever was 2 days, dropping suddenly thereafter and remaining normal.  In 
three pigs there was a primary pyrexia of 105-106°F. for 2 to 3 days, then a return 
to normal for a period of 36 to 48 hours, with a secondary rise of 1-2  ° which lasted 824  ETIOLOGY OF  DENGUE  FEVER.  I 
from  1 to  3  days.  The leucocytic counts were  in all reacting pigs below the 
original, and in two animals as low as 5,250 and 3,000 respectively. 
Autopsies.--Pig  2 of the culture set, Pig 4 of the defibrinated blood set, and 
Pig 1 of the filtrate set, were killed at the time the temperature reaction was at its 
height, and  the  following observations made.  Cultures from the heart's blood 
were negative for known cultivable  microorganisms.  No gross changes were noted 
in two of the animals.  In the pig which received serum filtrate the spleen was 
approximately three times its normal size,  firm, smooth, and dark red in color. 
On section the Malpighian bodies were distinctly  visible as grayish white elevated 
dots.  The  lymph  nodes  in  the  mediastinal and intraperitoneal regions were 
moderately enlarged.  Microscopically the lesions showed a marked proliferation 
of the endothelium.  There was no excess of neutrophils or other evidence of acute 
inflammation. 
Virus Passage.--From reacting animals of this case filtered guinea pig blood was 
injected intraperitoneally  into eight animals of the same species;  two of the pigs 
of  the  second passage reacted in a  characteristic manner.  Filtered blood was 
transferred from one of these to a third passage set of eight pigs, three of which 
reacted with fever and leucopenia.  The filtered blood from a typically reacting 
animal of the third passage was carried over into six pigs of a fourth passage, two 
of which reacted. 
Case 4.--White male, age 25 years, native of  New Orleans.  Onset of illness 
Oct.  15,  1922.  Began with headache,  pains in back and arms, no respiratory 
3  o  symptoms; temperature 2nd day 10~ .2 F.  Maculopapular eruption appeared on 
shoulders and arms, becoming more marked on Oct. 17; leucocytic count 4,000 on 
3rd day of illness.  10 mils of blood were withdrawn from median basilic vein oll 
Oct. 16, placed in citrate, and animals inoculated intraperitoneally within 1 hour 
after its removal. 
Animal Inoculation.--Ten  guinea pigs were used for the blood transfer.  Five 
received intraperitoneally 1 mil each  of  citrated blood, and five  were injected 
intracardially with  a  similar quantity_ of  the  whole blood.  Of  the  inoculated 
animals only one reacted characteristically. 
Guinea Pig 8.--At the time of inoculation  the temperature was 101.2°F. and the 
leucocytes  14,750.  3  days  after  injection the  temperature  suddenly rose,  re- 
maining elevated for 3 days at 104.3  °, 105.2  °, and 106°F.  respectively.  On the 
day following,  the temperature dropped from 106°F. to 102°F.,  to rise again the 
succeeding day to 105°F., returning to normal on the 8th day.  Thus the "saddle- 
back" temperature curve was noted in this animal.  During the febrile reaction 
the  leucocytic counts were  as  follows:  12,500,  10,000,  8,500,  and 6,250.  The 
animal was killed for blood transfer on day following subsidence of the temperature 
reaction.  For second animal passage of the virus, four guinea pigs were employed 
Oct. 26,  1922.  Each received intraperitoneally 0.25  mil of filtered defibrinated 
blood from a reacting pig of first passage within 1 hour after its withdrawal.  All 
four animals reacted after an incubation  period of 4 days.  The highest tempera- 
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Autopsies.--Two  of  the  second passage  animals were  sacrificed  during the 
height  of  the  temperature reaction for study and further passage.  The post- 
mortem findings were  negative except  for  enlarged spleen  and lymph  nodes. 
Cultures prepared from the heart's blood remained sterile. 
Case 5.--Male, 32 years, native of New Orleans, enjoyed good health until time 
of attack.  Onset Oct. 28, 1922.  Headache and general malaise on the morning  of 
the attack.  In the afternoon of the same day patient was stricken on the street 
and was taken home in a dazed condition.  His pulse was weak and he felt greatly 
prostrated; on the 2nd day of illness the temperature was 103.3°F.  and patient 
complained of severe aches and pains over the body.  Oct. 30.  Blood was with- 
drawn from the arm vein for experimental study.  50 hours after the onset of the 
disease the  temperature was  103°F.  and the leucocytic count was 4,000.  The 
following day the patient broke out with a typical rash which lasted 2 days.  The 
"saddleback" temperature curve was noted in this case.  Recovery was rapid after 
10 days of illness. 
Animal Inoculation.--A set of eight guinea pigs was inoculated intracardially 
with  2  mils of  defibrinated blood within 3  hours  after  its  withdrawal.  Four 
animals of the series reacted with pyrexia and leucopenia; two on the 3rd day, one 
on the 4th day, and one on the 7th day following the inoculation.  Three animals 
that failed to develop pyrexia showed around the 5th and 6th days a marked de- 
pression of  the  circulating leucocytes.  The  average  temperature  for  reacting 
animals of this series was 105°F. 
Animal Passage.--The virus blood from  this  case  was  carried  through  four 
passages; each succeeding transfer was made with filtered blood that was sterile 
with respect to ordinary microorganisms.  Each passage resulted in more than 50 
per cent of the animals reacting to inoculation. 
Case 6.--Married woman, 38 years old, native of Italy, residing for past 10 years 
in New Orleans.  Onset sudden with chill and fever on Nov. 11, 1922, followed by 
headache and severe pains in abdomen and legs.  Patient was admitted to Charity 
Hospital Nov. 17, 6 days after the onset of the disease.  At time of admission pa- 
tient was slightly jaundiced, complaining of nausea and pains in the bones of the 
lower extremities.  On this date the rash was fading, temperature 103°F., leuco- 
cytic count 4,000.  Blood  was  removed  from  arm  vein  for  experimentation 
Nov. 18. 
Animal Inoculation.--Six  guinea pigs were  injected intraperitoneally with  2 
mils of defibrinated blood within ½ hour after its withdrawal.  Three animals of 
the  series  developed temperature and leucopenia after an incubation of 5  to 6 
days, the reaction being in every respect similar to that of the animals of other 
cases.  Second passage of the virus was not carried out. 
Case 7.--White female,  age  36,  native of  New  Orleans.  Illness began with 
chills and fever on Nov. 21, 1922, followed by pains in the back and severe head- 
ache.  The temperature remained around 104°F. for 2 days, fell to normal on the 
3rd day, to rise again to 101°F. on the day following.  A roseolar eruption appeared 
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was 3,500.  Blood was collected from the median basillc vein on the 2nd day of 
illness. 
Animal Inoculation.--Each  of six guinea  pigs was  injected intraperitoneally 
with 2 mils of defibrinated blood Nov. 22~  1922.  Three of the animals reacted, 
two pyrexiaUy and one leucocytically on the 4th day following the inoculation. 
The temperature in two of the reacting pigs persisted without much change for 4 
days, when it fell to normal, to rise again after 48 hours remission, and remained 
elevated for 3 days ("saddleback" curve).  The leucocytes in one of the animals 
were as low as 4,000 at the time of the secondary rise in temperature.  In the other 
pigs little or no fall occurred for the circulating white blood cells.  The filtered 
defibrinated blood from two of the reacting pigs was inoculated into four other 
animals of the  same  species.  None  of  these  showed  subsequently any  rise in 
temperature though observed daily for a period of 18 days.  The leucocytic count 
in one of these pigs showed a fall from 11,000 to 8,000.  In the other animals the 
white cells  fluctuated within the normal limits during the entire period of observation. 
Case 8.--Female, age 18 years, native of New Orleans.  Onset of illness Nov. 21, 
1922.  Fever on  1st day of  disease was  104°F.  Patient complained of  severe 
headache, pains in the back and extremities.  On Nov. 24 a  characteristic rash 
appeared on the face and chest and faded rapidly 2 days later.  There was no 
marked remission of the fever during the 8 days of illness.  Patient was bled on the 
4th day of the disease and 12 mils of blood removed. 
Animal Inoculation.--Six  pigs were injected with the serum filtrate and four 
with whole blood, each receiving 0.5 rail intraperitoneaUy.  Five animals of the 
set reacted typically in as far as temperature and leucocytes are concerned.  All 
reacting animals showed the first rise in temperature on the 3rd day following the 
inoculation. 
Guinea Pig 3.--The temperature was 104.3°F. on the 3rd day, 104.4°F. on the 
4th day, 103°F. on the 5th day, 105°F. on the 6th day, 104.2°F. on the 7th day. 
In the course of the infection the leucocytes fell from 17,500  to 6,000.  Animal 
died 10 days after inoculation.  At autopsy the lungs revealed gross evidence of 
of  lobular  pneumonia.  Cultures  from  the  heart's  blood  showed  B.  mucosus 
capsulatus  and bacilli of the colon-paratyphoid group.  It is interesting to note 
that the sterile filtered blood from this animal produced in transfer pigs the typical 
reaction of experimental dengue fever. 
Guinea Pig 6.--This animal reacted on the 3rd day following inoculation.  The 
temperature for a period of 14 days was as follows: 102.2°F.,  102.4 °, 103 °, 105 °, 
105 °,  104.3 °,  104.4 °,  103 °,  101 °,  104.4 °,  105 °, 104  °,  102 °, 103.1 °.  Thus  the  so 
called  "saddleback"  temperature  curve  was  depicted by  the reaction of this 
animal--3 days  incubation, 4  successive days of continued primary fever, and 
interval of 2 days remission of  fever, followed by a  secondary rise lasting for 3 
days. 
Passage Experiment.--The virus from Case 8 has been successfully propagated 
through 36 generations in  the guinea pig.  Out  of 368 pigs employed for virus 
passage, positive reactions were obtained in 220.  The proportion of "takes" has WILLIAM  I~.  HARRIS  AND  CHARLES  W.  DUVAL  827 
steadily increased from the tenth passage, not infrequently every animal in a given 
series reacting. 
Case 9.qFemale, age 24 years, admitted to  the  Presbyterian  Hospital, New 
Orleans, Nov.  29,  1922.  The  onset  of  the  disease was  ushered  in on Nov. 27 
with chills, headache, and pain in back and lower extremities.  At the time of 
admission the  conjunctivm were injected,  fever  103°F.,  and  the body spotted 
with a macular rash.  The leucocytic count was 6,250.  20  mils  of  blood were 
obtained on the 2nd day of the illness. 
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TEXT-FIG.  1.  Leucopenia and pyrexial reaction ("saddleback" curve). 
Animal Inoculation.--1.5 mils of citrated blood were injected into the peritoneal 
cavity of six normal guinea pigs.  Two animals of the series reacted on the 5th 
day after inoculation.  The reaction was identical to that observed in animals of 
other positive transmissions. 
Case lO.--Male, age 56, Italian, living in New Orleans for past i0 years.  Onset 
of illness Dec.  1,  1922.  The disease began suddenly with high fever and chills; 
patient  complained of headache,  backache,  and  muscular  soreness.  The  rash 
appeared Dec. 3, and was most marked on the arms and thighs.  The temperature 828  ETIOLOGY  OF DENGUE  FEVER.  I 
ranged from 102-104°F. for 5 days, after which it fell to normal.  1 week later the 
temperature  rose again  and  patient  showed signs of broncho pneumonia  from 
which, however, he recovered.  Blood was obtained for study on Dec.  10.  At 
this date the patient's temperature was 99.3°F., and the leucocytes were 7,250. 
Animal Inoculation.--Seven  guinea pigs were injected intraperitoneally each 
with 1 mil of filtered blood.  Two animals reacted, one on the 3rd and one on the 
5th day following the inoculation.  Second passsage of the virus was not successful. 
Case  //.--Married  woman,  aged  23  years,  4  months  pregnant,  native  of 
Louisiana.  Onset of illness Dec. 8,  1922.  Disease began with severe chill and 
fever (103°F.).  On the 2nd day of illness a  macular eruption appeared on the 
chest, arms, and thighs.  The patient was prostrated and complained of headache 
and backache.  Blood was withdrawn from the arm vein Dec. 10.  At this date 
the temperature was 102.4°F. and the leucocytes were 3,000.  The temperature 
persisted for 4  days, when  it dropped to, and remained normal.  Patient made 
uneventful recovery. 
Animal Inoculation.--Sixteen  guinea pigs were  employed in  the  series, four 
receiving intraperitoneally 1  rail quantities  of  defibrinated blood,  four  serum 
filtrate, and four citrated blood which had been incubated at 37°C. for 14 hours. 
The several sets of animals were kept in separate cages along with an equal number 
of controls.  All animals used in the experiment were normal at time of inocula- 
tion, temperatures below  103°F.  and leucocytes between 10,000 and 16,000. 
In addition to  the human blood used for animal inoculation, a  portion was 
diluted with sterile normal saline, centrifugalized, and the supernatant cell-free 
fluid passed through  a  Berkefeld filter.  The  filtrate was cultured for sterility 
and 1 rail quantities were used to inoculate tubes of Noguchi's leptospira medium. 
These were incubated at 37°C. for 14 days, after which time 1 rail quantities were 
transferred to sterile tubes of the same medium.  These were likewise incubated 
for 2 weeks before executing a third subtransplantation.  At the time there was no 
visible growth in any of the inoculated culture tubes. 
Four guineapigswereinjectedintraperitoneallywith 1 rail quantities of the third 
generation culture.  Three of the animals reacted in a  characteristic manner. 
Of the four series of animals inoculated with materials from Case 11, nine reacted 
with respect to pyrexia and leucocytosis; one pig of the serum filtrate series, three 
of the whole blood, two of the citrated blood, and three that had received culture. 
Since the reaction was similar for all animals, the protocol of one only will be given. 
Guinea Pig 4.--(Culture set.)  The temperature rose to 105°F. on the 4th day 
following inoculation, was 104.3°F. on the 5th day, and on the 6th day dropped to 
normal.  Fever again appeared on the 9th day and returned to normal on the 1 lth 
day.  The leucocytes at time of inoculation were 12,000,  4 days later they were 
3,000, and on the date of secondary rise in temperature they were 4,250. 
Autopsy.--The animal was killed for study and blood transfer.  At autopsy all 
the organs appeared normal except the spleen, lymph nodes, and liver, which were 
enlarged, especially the spleen.  This organ was fully four times the normal size, 
of firm consistence, and of a dark red color.  Microscopic sections show a marked WILLIAM  H.  HARRIS  AND  CHARLES  W.  DUVAL  829 
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proliferation of the endothelinm  for the spleen and lymph nodes.  The sections 
of the liver show extensive  fatty and hydropic  degeneration  of the parenchyma. 
Animal Passage.--The virus strain from Case 11 has been maintained  through 
45 consecutive  animal transfers. 
A  confusing factor sometimes encountered in  the experimentally 
reacting guinea pig to dengue virus is an intercurrent infection with 
one of the paratyphoid group of microorganisms.  Not infrequently 
animals which have been inoculated with the uncontaminated filtered 
virus of dengue will develop during the course,  or shortly following 
the subsidence of symptoms, a  secondary infection which may ob- 
scure the dengue reaction.  The secondary infection probably arises 
from the intestinal tract, from which bacteria invade the blood after 
the normal resistance has  been lowered by the dengue virus.  Oc- 
casionally these invasions occur in guinea pigs  that at  the  time of 
inoculation with filtered virus were in all respects normal. 
In spite of all precautions certain normal animals, whose blood was 
determined previously to  be  culturally sterile,  would develop in  a 
week to  10  days after inoculation with  filtered dengue material a 
paratyphoid invasion of the blood.  Experiments to determine the 
source of the secondary invader showed that it originates within the 
injected animal and most probably from the intestinal tract.  Signi- 
ficant in  this connection is  the failure of controlled pigs  to develop 
paratyphoid infection though kept in close contact with the inocu- 
lated animals throughout a 6 weeks period of observation.  It is also 
noteworthy that guinea pigs  fed with dengue virus failed to develop 
any reaction or a paratyphoid infection. 
A sudden rise in the temperature of 2-3 ° in the dengue-inoculated 
pigs following a definite period of incubation, lasting, before returning 
to normal, for 2 to 3 days, and a concomitant fall in the circulating 
leucocytes we regard as the criteria in this animal of experimentally 
induced  dengue.  In  those  animals  which  become  secondarily in- 
fected with paratyphoid, a low form of remittent fever continues for 
several  weeks.  Often  the  secondary  infection  is  not  recognized 
before several days after complete recovery from the effects of the 
dengue virus.  The leucopenia likewise  persists and often increases, 
while in  the  uncomplicated dengue pigs  the  white  cells  return  to 
normal in a week to 10 days after the subsidence of the pyrexia. 832  ETIOLOGY  OF  DENGIYE  ~'EVER.  I 
There is no doubt that the paratyphoid bacilli will under accidental 
conditions give rise to a  septicemia that may be characterized by a 
remittent  type  of  fever  and  a  leucopenia.  This  kind  of infection 
undoubtedly accounts  for  much  of  the  mortality in  guinea pigs  6 
to 8 weeks after complete recovery from the dengue inoculation. 
Regarding the splenomegaly which is a fairly constant pathological 
feature in the guinea pig of experimental dengue, superimposed para- 
typhoid infection causes alterations in this organ of quite a  different 
type.  The  paratyphoid splenic enlargement is  due  to an acute  in- 
flammation characterized by discernible tubercle-like discrete grayish 
white  areas.  On  the  other  hand,  the  splenic  tumor  of the  guinea 
pig of experimental dengue is proliferative in character and does not 
present  macroscopic focal  lesions. 
SUMMARY. 
The dengue cases studied during this  epidemic were, as  a  whole, 
typical examples of the disease.  The onset was sudden,  often of a 
violent  character,  ushered  in  with  severe  headache  and backache, 
vague pains throughout the body, and fever ranging from 101-105°F. 
On the 2nd or 3rd day a maculopapular eruption appeared, generally 
on the neck, chest, and arms, but sometimes more widely disseminated. 
In most instances the fever remained for 3 or 4  days, after which it 
dropped to normal to rise again in 24 to 48  hours.  The secondary 
rise, while occasionally higher than the primary one, was as a  rule of 
a  milder character.  A few cases occurred in which marked jaundice 
existed.  As  reported  for  previous  epidemics,  no  fatalities  were 
recorded and  hence no  human material  for  histological  study  was 
available.  Those cases caught in the fastigium of the disease were 
selected when possible as a ~ource of material.  The leucocytic count 
in all of the observed human cases was below normal. 
The experiments herein reported upon the transmission of dengue 
fever to  the guinea pig are based upon the use of material secured 
from sixteen typical human cases of the disease, and upon the inocu- 
lation  of  many  animals.  Of  the  143  animals  used  for  the  initial 
transmission, 42, representing eleven human cases out of the sixteen 
studied, reacted in a characteristic manner.  The reaction occasioned 
in these animals by the inoculations closely resembles the symptoms 
seen in  human  dengue,  differing only in  the  absence  of exanthem. WILLIAM H.  HARRIS  AND  CHARLES  W.  DUVAL  833 
The primary pyrexia following  regularly after a  definite incubation 
period of 2  to 5 days,  the secondary rise in temperature after a  24 
to  48  hour  remission  ("saddleback"  curve),  and  the  concomitant 
fall in  the circulating leucocytes present a  syndrome identical with 
that of the human disease. 
Dark-field and  special  tinctorial  studies  of  the  dengue material, 
both  human  and  experimental,  have  failed  to  reveal  any  visible 
spirochetal microorganism.  It seems unlikely that  an  organism of 
any proportion other than a  minute body is the excitant of dengue 
fever. 
In the experimentally induced infection of the guinea pigs  by the 
inoculation of dengue virus there occurs a rather constant and charac- 
teristic gross  alteration of the lymphoid tissues,  and of  the spleen 
especially, which latter organ often attains a size three to four times 
that of the normal.  Enlarged lymph glands in the peritoneal areas 
are also  a  fairly constant finding.  The adrenal glands occasionally 
show  marked  enlargement.  The  histopathology  consists  of  an 
endothelial  proliferation  occurring  chiefly in  connection  with  the 
Malpighian  bodies  of  the  spleen  and  the  germinal  centers of  the 
lymph nodes. 
Experiments performed with a  view of demonstrating the protec- 
tion afforded the recovered guinea pig were somewhat confused by 
delayed fatalities or later intercurrent infections to which the dengue- 
inoculated animal seems highly susceptible. 
The constant and uniform results for all the positive cases indicate 
that the virus of dengue fever is not. only transmissible to the guinea 
pig but is susceptible to propagation in this species  through an un- 
determined number of successive  generations. 
After  certain of  the  virus  strains  had  been propagated  through 
four  or  more  generations  they  were  discontinued.  Two  strains, 
however, have been continued for 36 and 45 generations respectively. 
The equally successful results with Berkefeld filtered material and 
whole defibrinated blood indicate that  the excitant of dengue fever 
belongs in the group of filterable viruses. 
We wish to extend our thanks to Dr. Edmund Moss for his interest 
in procuring dengue cases, to Dr.  Henry Daspit for valuable assist- 
ance, and to Dr.  Charles de Gravelles  of  Morgan City for the  op- 
portunity of obtaining material from dengue patients in his locality. 